Lee iV A1 : GonSHeuriV Sdt*iS?acV\on Problems 
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Vor Whod“ We Search P 

. U)C Cbn classify Search htoblems into D. types <aCCorc!«V\g "to OjKot" uj <2 
Search ^ 0 r __y planning -. uJhen u)<2 Scorch ?ov Of>ti<Ucil pcAtk "bo QaadL s 

y \<tenb'?\Cckt\orr. ciihen cue Stench fe/ Ike goal ihsetR. 


\J\ Plann'rncj' * Spences oR achats " ' i 

_v We path to ~W goal vs hne \ important Hung 
_> Paths haue different Chsts , depHs 


rri' r-1 


-> He-arist tes gibe problem Specific guidance 


i x k. i 


bdenYi'R i CcLvo n 1 Assignments -to Udmubles 

_y l be goal itself is important' , ndt” tKe potltv . 

-y All pertbs cCt* the S ame o l&ptfZ (<esjual Cost far ail pdtks ) 

_ y Constraint Satisfaction Problems cere SpeCicclrzeid 
Vor lde*H^PiCcd"toin Problems- 


.y^.Cdaoerd\L dPe Vlodd CbntcMnS 
K_. 6>a rgW Accent - 
i2 . (Actions . 


3 - Abates . 

4 - Qvsarefoe State Space. 



mi <~ 
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# Standard ( Planning) Smrcli RobtemS: 

Gtntp : 15 ci " b^v 

_ Goal -fasst ; Can be any function GUer States. 

function ^kaJr makes UL 5 mov/C Prom State to om ottie tr 
_ Successor function Can also be anyltiny 


- 


Oonsbfcunt Sc^tsCxcVion V^obtarns (CSPs) : 

_ A 5 pezicJ Subset oP Search problems ( loGiti Prod 7 

- State - k defined by Variable*: Xc uuflk Uataes Prom a riomoiio 
O ( Sometimes O deepen ds o n/l) 

_ Goal best : IS a Set oP Constraints Speafmy allowable 
Co rn bindtio nS oP Uaiwej P-or Subsets oP CctriablcS. 


W 
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EXS 
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CSPs O? : 

-L. Sbte: => UatiabWs X ,~z ' 

2 . Oomain : => $. A. , *Z , 3 3 

fbiis mettn tKat X Can bake UaJues equal to i- or 0 . or 3 
and v | ,~Z- Can take Maiiles equal bo JL o» 2. ov £. 

3 - Goal test ( Constraints ) : X = 1 , :Z ^ 3 

This mean ^tTodt tl\e yaaJl u>e Search tor IS Ite Stott 
of X od/Jk Value epical h> JL and V - *2 , 'Z. :l 3 


- CSPs IS a. Simple -example o9 a formal representation Cncjucu^C- 
— easy G ajrite a Code of CSPs USiny any programming Gncpiage. 

Cast dentifg Variables , Oorncun and pud" Constraints 

_ CS P5 allows UScPaJ general- purpose alyorifRms u)ith more 
power than Stan dard Search odgorithmS - 


ue (jai\\ Study CSPs 


too 


(ouwlvt'ea^ 


Example' Hap Coloring f ; 

VaYtciibleS : VJA , NT , Gl *, MSN ; V , S A , I 

_. Oonacun ! 0-1 red , cjrem , blue ^ ^ 

v_ each carftrLj Can taice on? op S Colors red or green or Uu€. 

— ConsYrai nts ; adjacent regions masT kcu>e di PE/ent - Colors. 

ciu ^3 .Implied ; WA ^ NT (implied i provide Code bo ConipuE) 

(jWii) Uv3_9 . Ex.pli*cd ; (WA,/\lT ) (L b ( fed , green ) / (.red , blue) f (.green ,blae ) ^ 

l ExpUcd v provide edisf op Tfie \egai baples) 

_ < Solut‘ion5 are assignments ScibsPying all Consbccu'nts , 

1 WA s red , NT - Qreen, Q. = red , NS wj^green f \1 = red 
SA - blue , T = green ^ 


* laj uji * ; 


Example : M-dueens. 

lormalofeA S_ 


xJ 


X., 

*5 

*'3 

X, M 


X*i 

XiS 

Xi<| 

*31 


*33 

Xm 

. 


X<|2 

X« 

W- - J 

XM4 
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N_cjuseAS 


NxKl board 




_ Variables : X[j Cone squaye loccdnanl 

( lb UdYfcibk l • ( X, ( / Xvj., Xjj , Xm f , Xm i/ ) 

_ OonOainS C lO/ A. d i 

X\j — o -^.THere is no gaeen 

m W\is location 
X ,j - i_ TK eye is a gaeen inlVs ioccrflon. 

_. ConsY rainYs *. 

. ExpUcib V* CJ, K ( X^j ,*/.?»<) € ilo.o)d 0 d)d'/ 0 )^ 

make. Sure HTcd each rouj has no or one queen 

V" c,s ,K ( X o j f X K j ) e l(o, o),(o, I),U, 0)5 

rrvoKe Sure "that each Column has HO or One cjueen. 

\o\ 




v 




V~ L , j, K ( X'fj , X 1>K £ l(OrQ) , (o , l ) , ( r, o) 1? 

maKe Sure ttvxf each jhs has _no or one queen 
V*Cj,K ( Xij ; X ;«*.,!_* 1 £ Uo, o), (0,1), (LO)l- 

malCe Sure that each ^k3 has Mo or Qng C|t(e€n 

, i ^ 

we need to be Sure ikat "there are A / number of queens on hJ A N/ 
board as only Lash k Constraints we Can cj<t board uhlt AO CjueenS. 
Sc, we add neui Cbnstro*int to get N number of Queens tor 

of X ij ( Note uie Implicit Ibis Condition ) 

' 

implicit; X j j = Kj 




Vormoiidd"\on Q. 
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_ Variables ; Gt K 

u)here K -• row number =£>. number of (3.=. number of rows. 

_ Domains : k. \ , 2. , ^ , N$ J ,>> 

where /\] : number of SqucA^-ei \n N^rt boa-vct 
4x4 board — V, domain ^roM 1_ bo lb 

_ Const ramts ; 

Implicit" "V * i / j fion-irhreateniricj (Cq, / G^[ ) 

OR 

Expired * ( Oh , ao €, bCi^yic^), ^ 

9 » « and So on clII <3^ , <o) |£> 

. ->4 • _ J _ * *N 

. £U 1 1 ; jl> y t< no.J _ 

^ NJot^; VvJe Can ConSfcUr (jdVKjJoWs ^v\d Oovnavn as u>€ \ike 

bat" Cons tv au nts must h>£ Wv£ Sam£ \n cbtfererd' fortnaiodtonS. 

OJ<2. Cam J 4 - ) Scu^ %ah Qr\e ^rnnulddian \S bcttee tpon another bat u o£ Can Compare 

between item 

10*1 


Example*. SucloKu 


\J cm abt es : each (open) Square 
Domains'- k. 1 , 0 ., — , ?,35 


.,U < 




At 


i - f , . I 

■ ;d 




r ; . -I / » 


t D "jO SflLjij 
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_ Constraints: 

— 3 _ujag g*JU ditP l*or each Column. 

_ ^-uiJcaj odl dt^ Por QjclC h raoU . 

_ ^.udcuj aM dit^ fair* £ach region. 

( o>P Gin Wie c* bunch peuVw/iiC inecfctalid^ Constraints ) 

. v'y/ • ;./ nor1j*s*3i>ii » -• ••. J . 

_£- Corxtst rainh Graphs. rk , ■ > ■ , ' •*. ■ - •• W i 

^ cog Ccm use graphs "to represent" IWj Search, problems 




Urxoorg Csp : each Gans+ramt reiocEs one Vi cur Ccxb I € 

Eiriarvj CSP : each Constraint" rdatcLS (<xh mast) Pujo Ucirfoibtej, 

St UJS/O [il 

Binary Constraint graph : nodes are variables , 

a res 6 ha a; Co nstrou n+5 . 

-2 9^0 >4siao«Sj : KS>- _ 

General - Purpose CSP algorithms use the graph Stra cWe *bo 

5peed up Ssartsh. 




^ Na+e S Using graphs don't make "the Code of Constraints 

ld> z & sldduH . 
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L-Xamplei "The Y\)aitz ALgoritHm 


_ ~TV\e VJclUz. cvi<2ioY\i^\rY\ \S ^or \v\tayote4iACi ^YcxuJ?r\GiS 5>dhd 
po l^ We^ra as 30 objects - 


O L 




Cay\S\'c^£i r «a| 

- f\n e&vlvj example oP an Al Gniputcrhon pos ee( as a. csP 


u>e Cem use CSP s to qWuj 30 anirnatfon by d^rmiYuncj 

oA\ Comers andi cAassi^ eact one t \t \s tinter not o * extevaei u( 
One tW\ dxauo \j nes. 


sy 


~C-r^ 


_ Approach 

. Ecxeb intersection is a variable. 

. Adjacent intersections impose Gnstrcunts an cerct oIW- 
• ^lotions GJine pKtjSiOally realizable SO nderprotateonS- 

Ciassi?' Cation 

-)A VavJeiTes OP CSP$ 


- O 


W 
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^ Varieties oP Vari ables 

Vt\ Oiscrete Variables ( "take discrete (jalues item tnie or inAnite domains) 
« Enitp domains > r 

_ Size o( means 0 C at m ) Complete assignments. 

_ ex : (boolean CSPs. 

. . I a ii n i lie oioma ms ( integers , Strings , elc) 

_ eX: job sctiextuiincj ( variables are Start* /2nd times tor 
eaote job . 


Continuous Variables ,, 

Cj 3 

_eX: Sburi/eno (4 irn^s Per Hubble "Telescope obs^Va^^S 

Oea/ constraints Soluble in ploy norb\cd t ivn e . 


loU 




Varieties OP Constraints' 


9 . ) 




[D Unarg GansWfnts inVolv/e a Single Variable 
(egt uK/alent -to redact n_g ola mains ) 

eXi SA =£ green 

(gj Ginarg Constraints involve pair oP v/dnctbUi 
ex % Sf\ ■$■ WA 

CD btgter- order GnS+ra/nts ms/o li/e 3 or more Variables. 

0^¥^\ . ni r . , 

Vt PererenCes (Sorb GnSTraints ) 

^ Unere is a pen'orfg Ror Values according to Successor function 
(ex: Cos 4 Puncbon ) 

— OPIen rep reSen table bg a Cbsl Par eack Variable assignment 

ex : red is belter tfevn green in Map Coloring problem. 

Giiues Constrained Optimization problems. 




CSPs Goats.* 

— Pna Ar\g Solution. 

_ Pad All Solomons , Pno! best OHC- 


■ s ■ 
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> Standard Search PormuicCtior* oP CJSP* s 

Using tte Concept 0P Standard Search "to Pmd tke best 
Solution oP CS Ps problems / We USe Standard Search algor lit ms 
/ike OPS % BP 5 




States defined by Ike Ucdu.es assigned So Par (partial assignments) 
- Initinl <;trdp : iKe emptg assignment , t t 
. Sure essax. Eaiicdten r assign a Value to an unussigned Variable. 

* (San! Ted ; Itve Current assignment IS Com plete a nd Safi Spies 

dll Constraints. 

I 05 










Vdkdb Would G>kS do P ' 

> BPS assigns lewd bg level 

. ArwbiaA Stoic all ucmables are UnaSS vgnecl (.First Icud ) 
ex - map Color : all Countries are noil Colored 
. 2_ tv< * \ejjei One Uartciible IS assigned (one Country 1 has a Color) 

. "3 TC * level 2?^ Variable \S assigned according Constraints 
( Jl 5 ^ Caun\vg \s red =^. ‘2.^ one \s gteen or blue ) 
and So On uniiL toe reach to tKe Last level With all assigned Ua'nableS- 
- Successor ^anrfion -. assign a Value to an Un assigned Voariable 
lex *. Color a Country ulitk red , green or blue ooe*e ’ 

Ur\aSS\gned Variable » Gountrg ^ Value I b fed ^feen, lolueli 

« C doaA lesV *. I be Cunenb bssignmenV is Cornpldp ( all Chantries Odors) 
and Satisfies a\l Constraints tV4 A ^ MT ) 

— s>- According "to this Stepj ,< We Con Find ItTe Solomon onlg cut 
Ike last level S& , GF5 Last its advanbacyL. 

We Can't Use id to Solve CSPs. 


w 




-jr Wkcd - * U)ould Ok S do k 

_v, OFS assigns oleplk child krsF tram left bo right 
. In'ibaJ SVnt? all Variables are iMciSSi'gned 
5tcw+ to assign Stout State then \Vs \e?t child 
assign the leFt childrens going to the depth child 
(assign P\Ysb node oP euerg level then one oP exjerg level and 

So on according to SliCCCSSon function) 

. We Yectck to Oomplede Solution when cue Yeach to the depth, 
nook oP the Pirjf path So ObS \s k*st "fcs> Salue CSPi 
bat . (a/£ need to ma fee Sure 1 fed" all Constraints satisfied 

SO, we acid ideas "bo OPS bo be Used to SoW 

CSPi and Called (V Back tnxC)<»nc| S-eaivck. . 

rn f ^ i Z c ~thS ) v uj £ it ' 4 : 5 1 )-r>n rO * 

\o 6 






-f- SacktroLck’i nei Search 


Oepfc. - PirsV Search With the next' bujo 1 m p ro ve merits is Called 

BaetbV racking Search (. nob -ftre best name) 


tBacKbr<xcKmcj Search IS "Ike boLS*‘c Un informed cdgoritkvn Par 

Solving CSPs. 

. . ; ■ ; : ’ . . ’ i • * « 1 , J > 

* idea jL *. One Variable air cx“lTme- 

_ Variable assignments are. GommddchvJe , So Pi* ordering. 

_ We Gun Start prom ancj node. 

ex : WA red 1t\er\t MT =. green IS the Same gls 

Nt green "tten W A =, red 

_ Qn\g need -to Consider assignments bo a single Variable 
ah each Step 


• J_dea 0. : Check Constraints as You go 

___ Consider anlg Values ojhich do a t Con Pitch previous 
ass i'g n ymenTS . 

_ Might" have bo do Some Cbm perfection bo check the 

Cb nsbra fnts 

_ " Incremented good -best " . • 

A> 

__S> Using 2. \dkvS / (XlKen U)£ veetch bo Gomplebe Soldiron 
We reach bo GioaiTest tbesb Solution ). 


. BackbroLckmg ri ObS + Van a b k - Grden ng -p PalUon- Violation 

. What” avc the choice poiYvts P 

L. Choose the. Start Variable 2.. Choose VaW bo Start Variable 
, general purpose b^ngveatvei Can be Used tb Code BacIcbracKin^ . 


Icfb 








_)p A_mpvaVJ\ncj P> acKEraCW\ncj 

_ ^enemi _ purpose vdl has <yv\Je Ku^e chains in Speed, 
make &ad<+raeKm 0 Al^orJlW \/e*<j bkst 
Cdp — Ccuq olo %Bxs by 2^U)OAp 

[FI Ordering 


l; u 


—V perfody Pov UariedcAeS 

Ulbicb Va viable sKouid be <xS 5 »'gnecl next ? 
perCarVy Por Values oP uariabtes. 

\y\ uiWcb Order sKoaid its v/aldeS be tried p. 


© VilWm .1 


•S'- 


<de*Ped inevitable fauWe cgay!^ . 
-fc 


■ X, > tnl4erir\Cj : Keep "traek oP domains Par unaSSfgned Variables and 

Cross Opp load Options. (ulSincj f'oratarol Checkmcj ) 


v/ 


EfuJarcl cheeking *. Cross oPP Uaiaes ffebt Ufalccte a Co nsIraiVfb 


token added to Ibe exisdincj oissicjnmen 


rfr. 


Exam p \{ 
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© 


CD 


At first f Awj Country Gan 'take one oP 3 Colors t>ed/ 3 tee m bluet 

IP we. give VJA red Color ,1>\en vie make, toruiard Cbecbincj to 
Cross oRP red Prom countyiffcs ne*t to WA — ^ l NT /SA^ 




/ 4> — 


rv^. Country Qt Can bate one Cl? 3 colors . 

\f CX =. careen uue meiKe ?anAjcAvd cKecbny to Cross o?P 

'yreem Prom NT t NSnJ ,SA (9rom lec. drou) ) 


). : 


' 


.J Uu.' ; 


(A) r\j^_ Gauntry V Gan bate one qP 3 Colors 

\P Ny — blue , 1ber\ u)e rA.uK Poy^ocaycA cbec.kmy to Cross o9 9 
blue Prom tsISW / S P\ t v 

Here me Can't aSSicyne SA as All 3 Colors OroSSecA oPP. 

’ 

, Vqy uJurd Cbeel<tn0 propeuyates inPormahon Prom assigned tb 
unussigned. Variables , bob doesn’t- provide early detection Por 


all PcxxlufeS 


,r,rho 


■ : U 


>' M '■> • \ 


( i • 


v uxl mult bads. "tyuck. to 

• NT ant S*\ OUAAot bott\ be bliXC^ 

» • *- • 

. 

Ganstrcjunt propagation method. reuson Prom Constraint tb 
GaCvStrcant , 

Uj e Use Constraint propagation method bo SoWe IWs problem t©) 
^ GynsiS~hzrt.ee Arc IS The propagation method bKcd" u>€ 00 HI US€ 
__^ Thi j Aie/fc>d Kaouj Us •fet there is a problem early and 
y € duce backtracking. 


103 


Cbnsis-Vency OP A Single ArC . 


An QYC X > V is ConSlS+ent" iPP GPcmdl onlcj |R) Po'r 


1 W' 


e’nevrg K (x: uaJue oP Uan'able X ) in "line baiL ( X_--bauO 

IS 6oni€ g ( y-. UcJue cb uaricible "V ) m Hoe. head ( Y • bead ) which 

Could be aSSigned Logout Nailcdmg a GDnsbyainV. 

> W Ibe arc is nob Consisherrf f c (elebe the uaiaes in foul itrect 
Cause Itoe problem and rechecbl the Vor-sb SbepS _ 


PbfvAJarc 


d checking : Enforcing GsnSisbency o? cures poirbing bo 

(O La .a . I /M n C* t Oi lA |/V\ D Xl 


eucbi neoJ assignment 

• , • -* . rf ^ ; ;vb |d‘ / /.*.•■ - vl Hc'OtC * ' . t • ) J.MD 

FcXampfp S A Sirnple form oP propagation mcdCes sure 
Consistent . 


all arcs are 






WA 


NT 


a 


NSW 


SA 





tB d > NSVJ 

y ~ careers =£> Nsw = $_ red , blue Ip 

V-blue — ^ NSW - {. red Tp , V-red — )> NSvaJ - blue 

V Ay CL \5 C 0 Y\Sfshent 

\sQ 6 A _> NSk/ 

SA = blue =>> Ns w - red 

y. Arc IS Ga) ns is bent. 

\\o 



problem _v> delete blae Prom NS w 

V— blue =£> idSVJ z. red 
\J - c^yeev'x -=>> NSvaJ - ved 

V=. red — N. aJSVaJ- (p problem — > delete red Pro w\ V 

p^i>i JO 

B SA — > nt 

SA - blue — -;> NT -- <$ problem Arc is not Consistent 


NS W — -> SA 
nsw - red z=^> SA - bUe 
NSW 3 blue — > SA - Cp 
. ^ yecVvecK V — ^ N$w 


Notes i > n. . . , 

, |R X loses a ualue ^oefcjbbocs o(? X need bo be rednecked \ a 
„ Arc Cbnststercci-j 0l.eb2.cts Poiila/C Cartier tkan Porujoird Cheeking 
4 Coin be raA as cjupre. processor or atter <2act\ aSSAtynrnenV' 

L. ass \Q) Ament r. Arc Consistency "*>_ P-oruuavd checking 
y TW? IS no need tb Mdbe more ba.dC tract ncj . 

_ .-i vtih. 3 d! d UWvl4> 

« Runtime : O Ca^ d 5 ^ Can be. reduced bo QCa 2 at 2- ) 

A ; number a? arcs 2 .'- nwmbeir o? UariableS 
d - domain 3 »'. mAMber ot Ualu.eS. 


- I 




-K- APtcc CAporCing arc Consistency 

v,. Can KcwJe 0A£ Solution lekt 

Carr Kca\/€ muit> pie Solutions lePt 

Can kcu/e Ao Solutions lePt 
(and not l<noul it ) 



Consistent and 

TKe/e cure CL 

Solatia <\S . 


l\\ 





All c^cs ctfe GmsfS+cnt but 

TKere \s no Solution 










Note ; Arc GaflSisWoj $Y\W runs mst'cle 

cx buclcfcr ouc (C i ncj Search. 

-9^ K - Consistency 

. _L - ConSi'S'Vencoj (. Node Consistency ) 

each Single node’s domain bos a ualue cohick meets IKdJ: node J s 
UACKvy GansCshrafntj. • -• . « 

Check ip- a uanable equai to aVcdae or not- (Special Case) 

ri( uLl? * < ?Jto Y 9J •> to ? j rCf <:>- - 5C* nu*J * 

, 2-- (hnsCs+eney ( Arc Consistency ) 

kjr each pair oP nodes , any Consistent assignment fco one Coin be 
extended to "Hie Other-. ( uje s+adg) 

( io ri )0 t fco.u I ., jsd , . • o ( ‘i-. r rO Q ; s^'d/w^l , 

» tfc- Consistency 

Par each )< nodes , any Consistent assignment fco Ifc-i. Can be 
extended to the K ^ node . 

I-P k-2. GansiStent =>> K- \ Consistent" 

IP l<- 3 Consistent ^ l<-fc Consistent CAnd So o»n. 

d 13.L e/o/tvi .1' sIq'iUjut t si'jjji iyjjD 

- hfyW' )< more expens »\/e fco Compute. 


\Yl 


CVchirmg 

[0 Variable GrcAeKncj : 

^ cWoose the Uan'able With numnaarn reinai'nmcj valued 

choose the VaVfoible ujrlh ike. kewesi legcJ le?t Vaiu.es 
in ths domain. 


* . o 


A -4* 


o ojKj min mlfcer iWoo mo* P 

N- bo debecb ^cnVeir e&vlg 

.ho enors eml'j ho deduce e?&>vb 

Mofg j TTn's ujcuj 15 the d ikki'cuJi bub ePPec. V»V€- 

-4- i 

C.IOI/JJ! OU Mju, fcUUj ».!*d pJii; iv4a^f c.f>t^ ^ 3 fv-O^ 

Variable OrcWi'n^ IS Called HRV : minimum remcUn\n.cj Vc dues 

and also * most Cbn$4r©une<d Variable'' 


Value Ordering : least Gansbrai rung Value 


■j x-i 


/iA 


Guven a cbovce Variable , cVvoo.se "the least 
Constraining value. 


• ' 7 

^Hoe one thab Yules oub the Peujest Values W 

y^mcA.m \ v\c^ \fckY\Ck\z\Z-3 . 

pf / « . t L >/pi ‘ va : ; ‘ - ^ i 1 i ».y! 7 vp ^X3 

Nclte tbuab lb mag baiCe Some Gampubachon bo 

ctebevm i ne this 


W3 


